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Introduction 
The strong relationship between nitrogen (N) availability in soil and crop yields makes N 
management a primary concern of producers. Over the past several decades, a majority of corn 
producers have come to regard fertilizer N as the primary source of N nutrition. Most producers 
acknowledge other sources of N such as manure, legumes, nitrate in water used for irrigation and 
mineralization of organic matter (microbial conversion of organic N to inorganic N as 
ammonium and nitrate). Giving credit for non-fertilizer sources of N is a common practice, but 
the amount of credit is usually conservative because producers are uncertain about when it will 
become available and how much can be used by the crop. Another reason for only giving 
minimal N credits is to reduce the risk yield reduction associated with an N deficiency and the 
general inability to easily correct a deficiency after sidedressing. The exception is where irrigation 
is available or where producers have access to high clearance vehicles. 
N Monitoring 
Most techniques for monitoring N status of tall growing crops like corn are not very reliable 
until after sidedressing. As such, these N monitoring techniques have the greatest utility to producers 
who have a way to correct a N deficiency. Even when techniques are not available to correct a 
deficiency during the current growing season, being able to identify N deficient areas of a field can 
have value when planning for next year's crop. A number of techniques are available to quantify 
or monitor leaf N status. 
Leaf N Concentration: Direct measurement of crop N status is typically slow and time consuming 
because the samples must be dried, ground, and analyzed using one of several laboratory techniques. 
In the case of corn, about a dozen leaves are usually collected to represent the field. Interpreting the 
laboratory data involves considerable uncertainty because leaf N concentrations decrease during the 
growing season and N concentrations further depend on which leaf is sampled. A concentration of 
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-2.75% N in the ear leaf of corn at silking is frequently regarded as being adequate to produce a near 
maximum yield. 
An alternative to sampling the entire leaf from a dozen or so plants is to sample a small area 
from many more plants. Specially designed leaf punches that collect small disks (-3/8" diameter) 
have been developed for this purpose. A minimum of about 60 disks is required for micro-Kjeldahl 
procedures (-0.2 mg dry weight). The advantages of the leaf disk approach are that sample 
collection is rapid, drying is easy (microwave), and the samples can be digested for N analysis 
without grinding. Unfortunately, interpretation of the data can be uncertain because of hybrid 
differences and year-to-year variation (Table 1). Selected data for three Pioneer brand hybrids grown 
for three consecutive years under irrigation at Schuyler, Nebraska illustrates differences in leaf N 
concentration at silking for the N rate corresponding to the near maximum yield (i.e., within 5% of 
maximum). 
Table 1. Nitrogen concentration of the ear leaf at silking for three Pioneer brand corn hybrids that 
produced near maximum yields*. 
Hybrid 
p 3379 
p 3467 
p 3362 
1988 
(%) 
3.53 
3.36 
3.66 
1989 
(%) 
3.59 
3.19 
3.84 
* Samples collected with 1-cm diameter (-3/8 inch) punches. 
1990 
(%) 
3.60 
3.61 
3.97 
It should be noted that leaf disk N concentrations are higher than values for the entire leaf 
because the midrib has a low N concentration and dilutes the sample (Schepers et al. , 1992). The 
relationship between N concentrations in leaf disks and whole leaves is not affected by hybrid 
differences and has the following form: 
Leaf disk N concentration= 3.29 + 1.18(whole leaf N concentration) 1=0.98 
Chlorophyll Meters: Chlorophyll meters became commercially available in the United States in 
1990. The only commercial portable chlorophyll meter at this time is the Minolta SPAD 502 
(distributed by Spectrum Technologies, Inc., 12010 S. Aero Dr., Plainview, IL 60544, phone 815-436-
4440). The meters clamp onto a leaf like a pliers and measure the relative chlorophyll content of the 
leaf. Leaf chlorophyll content is positively correlated with both leaf N concentration and leaf 
greenness (Schepers et al., 1992a; 1992b). Guidelines for use of the chlorophyll meter are provided 
by Peterson et al. (1993) and Blackmer et al. (1993). 
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Advantages attributed to chlorophyll meters include: 1) operation is fast and data is 
immediately available, 2) meter readings show minimal effects of luxury consumption of N fertilizer, 
and 3) data are reliable for corn from sidedress until mid grain fill. As with any technique, the 
reliability of the data depends on sampling a representative area of the field. Because of the 
differences in greenness between hybrids, changes in color throughout the growing season, and 
differences between position of the leaf on the plant, the most practical way to calibrate the 
chlorophyll meter is to compare data with an area of the field that received additional N fertilizer. 
Even with all of these advantages, time constraints and the need to identify and sample one or more 
representative areas of the field limits the practical application of chlorophyll meter technology unless 
is can be coupled with other techniques such as aerial photographs that help identify areas of the 
field to sample. 
Remote Sensing: Spectral data obtained from aerial photographs has the advantage that it 
represents a large area and perhaps an entire field. As such, one can readily make a qualitative 
assessment of spatial variability. The disadvantage is that it is more difficult to quantify crop N 
status using aerial photographs than with chlorophyll meters. The basic compromise is between 
improved resolution of the data with tissue testing techniques and being able to readily assess spatial 
variability with aerial photographs (Schepers, 1993). 
Interpretation of aerial photographs to quantify crop N status is an emerging technology that 
will require considerable testing and field evaluation before application of the technology can be 
evaluated. Nevertheless, producers, consultants, and scientists will find many indirect applications 
for remotely sensed information while techniques are being developed and commercialized. 
A prerequisite for interpreting aerial photographs or other spectral images is developing 
techniques to characterize the data. This usually involves a variety of studies to evaluate such things 
as hybrid differences, sensitivity to crop N status, effect of growth stage, and which colors are the 
more informative. 
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